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Sir: 

PRELIMINARY AMENDMENT 

Prior to a first Office Action on the merits, Applicants respectfully request entry of the 
following amendments. 



IN THE CLAIMS 

Please cancel claims 1-8 and substitute the following claims therefore. 

— 9. A conductor roll for electroplating steel sheets, comprising: 

a central portion with a metal-containing surface; 

intermediate portions with a ceramic surface; and 

end portions with a rubber surface. 

I hereby certify that this correspondence is being deposited with the United 
States Postal Service in an Express Mail Label envelope, label number 
EU221555496US, addressed to: 

Assistant Commissioner for Patents, Washington, D. C. 2023 1, on this 22""* 
Day of March, 2002. 



Signed: 
Dated: 
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10. The conductor roll of claim 9, wherein the ceramic surface comprises ceramic 
oxide materials. 

11. The conductor roll of claim 10, wherein the ceramic oxide comprises alumina, 
zirconia, chromia, or a combination thereof 

12. The conductor roll of claim 11, wherein the ceramic oxide further comprises 

titania. 

13. The conductor roll of claim 11, wherein the zirconia further contains MgO, CeOa, 
Y2O3, or a combination thereof. 

14. The conductor roll of claim 9, wherein the width of the intermediate portions is 
greater than 1 0 mm. 

15. The conductor roll of claim 9, further comprising a seal over the ceramic surface. 

16. The conductor roll of claim 9, wherein the intermediate portion comprises a 
metal-containing substrate with a ceramic coating having a thickness ranging from about 0.2 
mm to about 2 mm. 

17. An electroplating system containing a conductor roll comprising: 
a central portion with a metal-containing surface; 

intermediate portions with a ceramic surface; and 
end portions with a rubber surface. 

18. The system of claim 17, wherein the intermediate portion comprises a metal- 
containing substrate with a ceramic coating. 

19. The system of claim 17, further comprising a seal over the ceramic surface. 

20. A method for making a conductor roll for electroplating steel sheets, comprising: 
providing a central portion with a metal-containing surface; 

providing intermediate portions with a ceramic surface; and 
providing end portions with a rubber surface. 
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21. The method of claim 20, wherein the intermediate portion comprises a metal- 
containing substrate with a ceramic coating. 

22. The method of claim 21, including providing the ceramic coating on the metal- 
containing substrate by spray coating a ceramic-oxide material on the substrate. 

23. The method of claim 22, further including spray coating by using plasma spray- 
coating. 

24. The method of claim 22, including spray coating for a time sufficient to form a 
coating with thickness ranging from about 0.2 to about 2 mm. 

25. The method of claim 22, including spray coating over an area of the metal- 
containing substrate to form a coating with a width greater than about 10 mm. 

26. The method of claim 20, further including providing a seal over the ceramic 
surface. 

27. The method of claim 21, further including spray coating a metal coating on the 
metal-containing substrate before providing the ceramic coating. 

28. The method of claim 27, wherein the metal of the metal coating and the metal- 
containing substrate are the same. 

29. A method for using a conductor roll, comprising: 

providing a conductor roll having a central portion with a metal-containing surface, 
intermediate portions with a ceramic surface, and end portions with a rubber surface; 
immersing the conductor roll in a plating solution; and 

rolling a stainless steel sheet over the conductor roll. 

30. The method of claim 29, wherein the method electroplates a material in the 
plating solution on the stainless steel sheet. — 
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REMARKS 



The claims have been amended as indicated above to conform them to U.S. practice. 
Applicants await an action on the merits. 

If there is any fee due in connection with the filing of this Amendment, including a 
fee for any extension of time not accounted for above, please charge the fee to our Deposit 
Account No. 18-0013. 



Respectfully Submitted, 




KENNETH E. HORTON 
Reg. No. 39,481 



Date: March 22, 2002 
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MEraOD OF REDUCING A BAND MARK OF AN ELECTROPLATING STEEL SHEET 



Technical Field 

The present invention relates to a method of reducing a band ma± on an electroplating 
5 steel sheet, for enhancing wear and corrosion resistances of a conductor roll, which comprises 
minimizing the level difference between the conductive material (metal band portion) and the 
non-conductive material (mbber section) of the conductor roll used during the process of 
electroplating zinc (Zn) or nickel (Nf) onto the steel sheet 

10 Background Art 

In general, a conductor roll (1) is an electric apparatus for plating a steel sheet, installed in 
electrolytic bafli, which is immersed into the plating solution (L) vwth Zinc (Zn) or Nickel (Ni) 
as an anode, and the conductor roll itself as a cattiode. By continuously inducing a steel sheet 
(S) in this manner, the conductor roll carries out electroplating as illustrated in FIG. 1. 

15 

ifcte, with respect to the conducttjr roll (1), if the entire portion of its surface consists of a 
conductive material, the roll itself becomes eledioplated. As such, in ordo: to plate the steel 
sheet while not plating the conductor roll in itself, the conductor roll (1) which is in direct 
contact with ttie steel sheet (S) is made out of a non-conductive mataial at flie outer sections (d) 
20 of the conductor roll (i.e., both cad portions of the cylinder). 

In other words, as illustiated in HG. 2, a conductor roll (1) comprises an inner section (D) 
in the central portion of flie cylinder, and an outer section (d) at the either end portion of said 
inner section (D). The inner section (D) conqoises a conductive material, such as steel or a 
25 metal material, having superior acid and corrosion resistances in a strongly acidic plating 
solution. The outer section (d) comprises a non-conductive material such as mbber. 
Meanwhile, tiie widtii of the conductive metal material at the iim^ section (D) of the conductor 
roll (1) should be less tiian the minimal widtti of the steel sheet (S) to be plated (i.e., ^erally 
lesser by 100 mm). 

30 On the other hand, Japanese Patent No. 10,245,695 (Septembo: 14, 1998), as a means of 

enhancing corrosion and wear resistances of a conductor roll, teaches a method of spray-coating 
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the steel band portion with a mixture of nickel-based alloy and tungsten carbide (WQ. 
Meanwhile, Japanese Patent No. 4,346,693 (December 2, 1992) teaches a method of enhancing 
coiTosion and wear resistance by coating the cobalt or nickel-based alloy with ceramics of 
relatively superior electric conductivity (to the degree of carbides). 

5 

Moreover, as for the non-conductive material used in the outer section (d), which 
comprises the both end portions of the conductor roll (1), ebonite (i.e., polymer materials), 
multilastic, sponge, polyurethane, etc. are used 

10 Moreover, as for the plating solution for immosing the conductor roll (1) during the 

electroplating process, the temperature used flierein is approximately lOV. Due to the 
differences m the mutual thermal expansion coefiBdrats as between the metal band portion (3) 
of Ihe inner section (D) and the rubber section (4) of the outer section (d) at the temperature of 
the plating solution in use, the mbber section (4) is characterized by greater expansion as 

15 compared to the metal band portion (3). 

Ihetefore, in consideration of flie thermal expansion coefficient of the metal band portion 
(3) of the conductor roll (1) and that of die rabber section (4), the level difference ^i) of the 
rubber section (4) is made in such a manner to be lower flian the level difference of the metal 
20 band portion (3). In this manner, tiie level of the metal band portirai (3) of the inner section P) 
and tiiat of the rubber section (4) of the outer section (d) are maintained at a certain level at the 
temperattore of plating solution in use (^proximately 70 "C). 

However, if the deflector roll (2), which pulls the plating metal sheet (S) in both directions, 
25 applies t^ision via the conductor roll (1), the plating metal sheet presses against the rubber 
section (4), which m tum results in deformation of the rubber section (4). In particular, 
depending on the quality of the material, the thickness thereof, and the degree of tension therein, 
the extent to which it presses against the mbba* section (4) may vary. 

30 In other words, as shown in HG. 2, as tiie load of the plating steel sheet (2) becomes 

direcfly concenhated on the ends of tiie metal band portion (3), it induces a curve deformation 
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(W), more seveoB than the level difference tiiereof (h). Consequently, a strip is fanned (i.e., 
band made) on the surface of the steel sheet (S) passing under the curve deformation region (W). 
This type of a band mark could be cleaiiy confimied wifli die naked eye and is one of the most 
severe defects of the plating steel sheet. 

If the level difference (h) between the metal band portion (3) and the mbber section (4) is 
made to be smaller in order to reduce the band mark on a steel sheet (S), the load of the steel 
sheet tiecomes concentrated on the rubber section, and the ftequency of occunence of band 
marks is decreased. However, a gap is created between the conductive metal band portion and 
the plating steel sheet. Consequently, as shown in HG. 4(a), static electricity (arc) is created 
therein. 

Moreover, if static electricity is generated between the metal band portion and the plating 
steel plate, the metal band portion and the mbber section rapidly become damaged by static 
electricity. When (his type of situation occurs, an abrasion woik on die conductor roll must be 
immediately carried out once again, 

Consequendy, if die level difference (h) between die metal band portion (3) and die 
rubber section (4) is made to be smallear, the ftequency of occurrence of band marks is reduced 
altiiough diere is a problem associated with die reduction of life of the conductor roll due to die 
premature damage to the metal band portion and die rubber section. 

In fliis regard, in consideration of diese problems caused by die aforementioned stinctural 
defects of a conductor roU, the present invention was devised with an objective of providing a 
means of eliminating a band mark on a steel sheet, which uses a non-conductive ceramic 
material, instead of a polymer material with a large thermal esxpansion coeffidenL 

In achieving the aforementioned objective, the present invention comprises ceramic 
coating portions of circular bands, placed respectively in a thin strip at die both edge regions of 
die metal band portion at the centiral portion of a conductor roll. As such, die present inveaition 
has die effects of suppressing die occuncence of static ekctiidty and also reducing a band marie 
on an electroplating steel dieet by eliminating the level difference between the conductive 
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EoatErial (metal band portion) and ttie non-conductive material (rubbea- section) fliesreof. 
Furthennoie, tiie present invention is capable of extending the life of a conductor roll by 
enhancing tiie wear and conBsion resistances thereof. 

5 Brief Description of Drawings 

FIG. 1 is a sectional structural diagram of a general electroplating conductor roll as 
installed. 

HG. 2 is a lateral stmctural diagram of a conventional conductor roll. 

10 

HG. 3 is a structural diagram of a conductor roll for reducing a band mark according to 
the embodiment of tiie present invention. 

HGS. 4(a) and 4(b) are structural diagrams, which con:5)are the embodiment of prior art with 
15 that oftiie present invention. 

Disclosure of Invention 

The method of reducing a band mark on an electroplating steel sheet according to the 
present invention is described as below with refestences to the attached figures. 

20 

The present invention corcpises craamic coating portions of circular bands, placed 
respectively in a thin strip at flie both edge regions of the metal band portion (10) at the cenhal 
portion of a conductor roll (1). At the outer side of said ceramic coating poiticm (20), there is a 
conventional mbber section (30). The width of a ceramic coating portion (20) is 
25 approximately more than 10 mm, or more preferably, lesser tiian the width of flie electroplating 
steel sheet (S) by approximaCely 10 mm. 

In otiier words, if the length of the metal band portion (10) is x mm, and flie width of the 
plating steel sheet (S) is y mm, tiie ceramic coating portion (20) should be coated wifli a widfli (d") 
30 between (x+10) mm at minimum and (y-10) mm at maximum 
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According to the aforementioned naethod, if there is no level difference between the 
conductive metal band portion (1) and the nonconductive ceramic coating portion (20) at room 
temperature, tiie level dffeieaace does not occur even at the teoiperature in use (approximately 
70 °C). Further, since tiie two elasticity coefficients are similar, the level diflferaice does not 
occur due to the piessing by the plating steel sheet Accordingly, in such cases, static electricity 
does not occur, and neither does a band mark. 

Although there is a level difference at a certain height as between the ceramic coating 
portion (2) and die mbber section (30), the generation of static electricity is prevented at tiie 
source in such circumstances by reducing the level difference as compared to that of the prior art. 

In other words, if the level difference of a ceramic coating portion (20) is made in such a 
way to be sligjitly higher or at flush witti the mbber section (30), tiie load of the plating steel 
sheet (S) becomes concentiated onto the mbber section (30) havuig weak phj^cal properties 
(i.c., Iowa: elasticity coefficient), which results in a significant reduction of a band mark on a 
steel sheet. Rarther, by concentiating the load of the electixjplating steel sheet (S) onto the 
mbber section, the weakness of tiie ceramic coating portion (20) is offeet to the same extent, 
wifli the result of preventing damages to the ceramic coating portion. 

If die widtii (d") of a ceramic coating portion (20) is less than 10 mm, there is a risk that a 
gap would form the space between the steel sheet (S) and the metal band portion (10) when the 
level difference (h) between the metal band portion (10) and tiie ceramic coating portion (20) is 
large. Through tiiis type of a gap, static electricity would occur therem. 

Moreover, if flie g^ between the ceramic coating portion (20) and flie minimal widfli of a 
steel sheet is less flian 10 mm, the seal between tiie rubber section (30) and tiie electixjplating steel 
sheet (S) becomes incomplete, and the plating solution seeps through the gc^, which in turn 
results in contamination of the plating steel sheet. 

On the otiier hand, as for the co^g method for flie ceramic coating portion (20), tiie 
spray-coating mefliod is used. It is preferable to cany out flie coating by means of a plasma 
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sprayer in order to ininuriize such conditions as post-coating separation. 

Further, as for the coating materials for the ceramic coating portion (20), it is preferable to 
use oxide-based ceramics with not so good electric conductiAdty, such as alumina (AI2O3), 
5 zirconia (Zr02), and chromia (CV2O3). In particular, as compaied to electric non-conductivity 
of oxidized ceramics sinteied at the same thickness, there is an improvement in electric non- 
conductivity of oxidized ceramics after spray-coating. 

Approximately 3-40vn.% of titania (TiOz) is added to the afoiementioned coating material 
10 of a ceramic coating portion (i.e., alumina, zirconia, chromia). By adding more titania as such, 
the toughness of the coating material improves. As compared to pure zirconia, the zirconia 
used herein is a partially stabilized zirconia with a small amount of added M^, Ce02, Y2O3, etc. 

As for ttie aforementioned material, which is in a form of powder, a canparativdy fine 
15 powder should be used with a particle size of f^jproximately 5-50 /an Depraiding on the 
particle size of the powder in use, the porosity and roughness of flie coating may vary, and by 
using fine powdea:, the porosity and roughness can be lowered to the maximum. 

MoreovCT, since fliere are approximately 5-10% of micro-poies still remaining on the 
20 ceramic coating even after lowering the porosity, a sealing treatment is carried out with a 
material (e.g., urethane or epoxy), which can tolerate the acidic plating solution at the 
temperature in use. There, only if the plating solution does not seep through the coating layer, 
can it prevent contamination of a plating steel sheet, even after replacing the plating solution. 

25 Preferably, the ttiickness of the ceramic coating portion (20) should be 02-2 mm. If the 

thickness of the ceramic coating portion (20) as coated is 0.2 mm or less, it becomes easily worn 
out due to the deterioration of electric non-conductiYity, wMdi in turn results in inconvenience 
of IB-coating work within a short period of time. On the otfier hand, if the thickness as coated 
is 2 mm or more, it is characterized by deterioration of wear resistance wilfa easy cracking due to 

30 the deterioration of bonding force of the coating layer. 
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As for the ceramic spray-coating, there is a deterioration of bondmg force in the case of 
diiect coating wife the metals such as steel. Accordingly, in using the method of spray-coating, 
the metal coating is first carried out, followed by ceramic spray-coating. As for spray-coating 
the metals, it is pi-eferable to coat it by using a plasma or high-speed sprayer. 

Meanwhile, by using the same coating material as the metal material used in the metal 
band portion (10), the differences in the thermal expansion coefficients can be muiimized, with 
the result of preventing separation and extending the life of the coating. 

For the following reasons, it is preferable to set the thickness of the metal coating at 
50-200 pm: Jf die thickness of the coating is 50 (m or less, the effect of the metal-bonded 
coating layer becomes insignificant If the thickness of the coating is 200 m or more, toe is 
a decline in economical efficiency. 

Best Mode for Carrying Out the Invention 

In the simulator tester, hastelloy (H) was used as a material for the metal band portion (10) 
of a conductor roll (1), and multilastic (M) was used as a material for the mbber section (30). 
With respect to the ceramic coating portion (20) after spray-coating according to (he present 
invention, the degree of formation of a band mark on a plating steel sheet was measured by 



Meanwhile, the length of the metal band portion (10) using hastelloy was 700 mm, and the 
minimal width of a plating steel sheet (S) was 800 mm. As for the spray-coating on the ceramic 
coating portion (20), the test was earned out with its widtti of 25 mm. 

As for the coating material of the ceramic coating portion (20), flie material of AlaOs- 
13%Ti02 was used. There, the powder with a particle size of 5-30 m was used to coat the 
ceramic coating portion (20) by means of using a plasma sprayer. The metal-bonded coating 
layer was coated with a hastelloy mataial by means of using a high-speed sprayer. 



As typically shown in HG. 4, the metal-bonded coating layer was finished off at a 
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thickness of approximately 100 m and the ceramic coating layer at approximalEly 600 fm. 
After spray-coating, a commercially sold sealing agent was sprayed thereto. Tlien, after the 
abrasion wodc, the testing was carried out with respect to the plating steel sheets. 

5 hi flie prior art, if the multilastic material is on top of the hastelloy material during the 

process of using a conductor roll (1), it graierates static electricity. As such, under the condition 
of hastelloy being on top, the level difference as between hastelloy and multilastic was set to 
equal 0.4 mni. 

10 In the present invention, it was made without any level difference between the hastelloy 

and die multilastic. With the multilastic material on top of the caamic coating, the level 
difference was set to 0.1 mm. 



Table 1. Measurementof flieDegreeofBandMarklbrmation 





Scores on the Band Marks 


Type of Plating Steel Sheet 


A 


B 


C 


D 


E 


F 


Prior Art 


4.1 


4.1 


3.5 


4.2 


3.8 


4.3 


Present Invention 


1.0 


0.9 


0.8 


0.4 


0.1 


0.2 



15 

Table 1 shows the scores on the band amks according to the respective plating steel 
sheets and the thickness thaeof in the simulator tester. As shown in Table 1, the higher the 
scores on the band marks, the more severe the band marks became wifli exaspaating diffaences 
fix)m the normal sections. 

20 

hi the present invention, it showed a significant reduction of a band mark, even to the 
degree of posing difficulties in identification with tiie naked eye. FurthamoiB, there were no 
problems assodated with occurrence of static electricity during its use. While the mbber 
material was easily worn out during the abrasion work on a conventional roll, flie problem was 
25 effectively solved by preventing such premature wearing-out by means of ceramic coating, with 
the effect of extending tiie life of a roll. 
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Industrial Applicability 

According to the method of ledudng a band mark on an electroplating steel sheet 
accoiding to the present invention, it prevents generation of static electricity by minimizing flie 
level difference between the conductive material (metal band portion) and the non-conductive 
5 material (mbber section). In this manner, the frequency of occurrence of band marks on 
plating steel sheets is reduced. Moreover, the present invention has the effects of enhancing 
wear and corrosiati resistances, which in turn results in extending the life of a plating ^aratus. 
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1. A method of reducing a band marie on an electroplating steel sheet, in relation to 
manufacturing a conductor roll used in electroplating a steel sheet, which comprises 
ceramic coating portions (20) of circular bands, placed respectively in a thin strip at the 
both edge regions of a metal band portion (10) at die central portion of a conductor roll 
(1), and a mbber section (30) at the outer side of said ceramic coating portions (20). 

2. The method of reducing a band mark on an electroplating sted sheet accordmg to 
Qaun 1, wherein said ceramic coating portions (20) are coated at 0.2-2 tnin by means of 
spray-coating, using a material of oxide ceasmics, which is selected from the group 
consisting of zirconia, alumina, and chromia, in powder with a particle size of 5-30 (m. 

3. The method of reducing a band mark on an electroplating steel sheet according to 
Qaim 2, vMch conq)rises carrying out a plasma spray-coating by adding 3~40wt% of 
titania to alumina or chromia in order to increase ttie toughness of said ceramic coating 
portions (20), and then adding a small amount of Ce02, Y2O3 or MgO to zirconia. 

4. The method of reducing a band mark on an electroplating steel sheet according to 
Claim 1 or 2, wherein the width of said ceramic coating portion (20) is 10 mm or more 
at minimum, in between the conductive metal band portion (10) and the non- 
conductive material, with the maximum width of the coating having a difBaence of 10 
mm or more than the width of a plating steel sheet. 

5. The method of reducing a band mark on an electroplating steel sheet according to 
Claun 1, which conpises carrying out a sealing treatmCTt, after ceramic coating, on the 
ceramic coating portions (20) at the both edge regions of the metal band portion (10), 
using a sealing agent of methane or epoxy, followed by abrasion work. 
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6. The method of i-edudng a band mark on an electroplating steel sheet according to 
Claim 1, which comprises spray-coating at a thickness of 50~200 fm, using a metal- 
base inaterial prior to coating the ceramic coating portion (20). 

5 7. The method of reducing a band marie on an electroplating steel sheet according to 

Claim 6, which comprises using a plasma spray method or a high-speed spray method, 
using a metal-based material which is the same conductive metal material as that of flie 
metal band portion (10). 
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FIG. 3 
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FIG. 4(a) 
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